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OF 0.4 TO 1.03 

3y Jack F. Runckel and Seymour Steinberg 

A n  investigation was conducted in the Langley 16-foot  transonic 
tunnel to determine the aerodynamlc  characteristics of a vlng-fueelage 
combination w i t h  a 490 eweptback wing having W A  65~006 a i r fo i l  sec- 
tions, an aspect  ratio of 4, taper ratFa of 0.6, and incorporat-  out- 
board "edge slats. slats of 45 percent semispan and @, 100, 
and 20° slat deflection, and 35 percent eemispan having 00 and 100 deflec- 
tion  were  tested  at Mach numbers from 0.40 to 1.03. For each configura- 
tion all or parts of the  Mach number  range  Were  investigated  through an 
angle-of-attack  range frm -20 to 260 at  the  larest  speeds and from -2O 
-to 8* at the highest speed at Reynolds numbers f r o m  4 x 106 to 6.5 x 106. 

The  use of the slat  configurations  tested generally delayed the 
lift-curve  break to higher angles  of  attack,  increased  the lift in the 
high angle-of -attack range, and reduced  the.  drag and increased the  lift- 
drag ratio  at high lift  coefficients for all Mach nurbers. Although the 
slatted  wing-fuselage  configuration6  exhibited  pitch-up,  this tendency 
was less severe than for the  basic wing-fuselage conibinatian. All slat 
configurations prodwed  a decrease in the nonlinearity of the pitching- 
moment curves and an extension of the liFt coefficients  for  pitch-up. 
For the slat configurations  investigated,  it was found that  the  differ- 
ences in spanwise extent and slat deflection had small and inconsistent 
effects on the model  aeroaynasric  characteristics and that the aerodynamic 
gains obhln& w i t h  slats generally  decreased with increases  in Mach 
number. 
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Various  wing-lead--edge  high-lift dwlces have  been used success- 
fully to  prevent  unetable  pitching-moment  changes  at  or near the  stall 
on many types of airplanes at low speeds.  These  devices  have  been used 
primarily as an aid  during  take-off' and landing. Research on the low- 
speed  aeroaynamic  characterietics of wings w i t h  various types of slats 
has, therefore,  been  quite  extensive.  Reference 1 presents a summary 
of the  literature on the  low-speed  longitudinal  characteristics of w i n g s  
with  extensible  slats. 

More  recently,  however,  slats  have  been  used  as a high-speed imple- 
ment as weU. &E E lox-speed  device  to improve the  longitudinal  stability 
characterfstfcs of airplanes  while in high-speed  maneuvering  flight. 
The  available data at  high  speeds on the  effect of slats on amlane and 
model  aeroayaamic  characteristics  are given in references 2 and 3. It 
has been  shown  not o n l y  that  the  unstable  pitching-moment breaks experi- 
enced at high-lift  coefficients  and high Mach  nunibers have been  delayed 
by  the  use of leading-edge  slats,  but  also that the drag at  these  condi- 
tions  has  been  substantially  reduced  (ref. 3) ,  thus  increasing  the air- 
plane  maneuverability  at high subsonic  speeds. 

As part of a general  fnvestigation of the  effects of variazs wing- 
leading-edge  devices upon the  aerodynamic  and  longitudinal stability 
characteristics of a 45' sweptback  wing-body  model  at  transonic  speede, 
five  outboard  leading-edge  slat  configurations  were  te8ted In the Langley 
16-foot  transonic tunnel and the  results are reported  herein. Slats of 
two  spanwise  extents  with  two and three  deflection angles were investi- 
gated.  Results  were  obtained  through a Mach number  range from 0.40 or 
0.60 (depending on the  configuration) ug to 1.03 at Reynolds numbers 
f r o m  4 x lo6 to 6.5 X 106 and at angles of attack flrm about -2O to 26O 
at  the  lowest  test speeds and from -2O t o  80 at  the  highest  test  speed. 

- 

SYMBOLS 

c, pitching-moment  coefficient, 
Map+ 
qsc' 

L lift, lb 
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drag, 
pitching molnent about quarter-chord point of mean aerodynamic 

chord, lb -ft 

free-stream dynamic pressure, lb/sq ft 

basic KLng area, 9.0 sq ft 

model semispan, 3.0 ft 

mean aerodynamic chord of basic wlng, 1.531 ft 

local chord, in. 
thickness ordinate of airfoil section, in. 
Mach number 

Reynolds m e r  of wing based 011 E 

pressure coefficient, Plocal  - p 
Q 

pressure coefficient for local sonic velocity 

free-sbeam static  pressure, =/sq f t  

angle of attack, deg 

slat deflection angle, deg (see fig. l ( b ) )  

angle of Leading-edge chord-extension chord line relative to 
local wing chord line (positive value indicates droop) 
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MODEL AM3 APPARATLTS 

The investigation was conducted in the Langley 16-root  transonic 
tunnel, a full description of which is given in reference 4. As Indi- 
cated In this  reference,  the maximum variation of the  average Mach num- 
ber along the test-section  center  line i n  the vlcinity of the model l e  
about t0.002. 

The wing-f'uselage conibination used in the present  investigation was 
the same as that used for a general  research program on a 4 5 O  sweptback 
wing-body arrangement at transonic speeds (see refs. 5 and 6 ) . The steel 
w i n g  had 6 5 ~ 0 ~ 6  airfoi l   sect ions  paral le l  to  the  airstream, 450 sweep of 
the quarter-chord  line, a taper  ratio of 0.6, and an aspect  ratio of 4. 
A general arrangement of the model w l t h  the w i n g  without slats which 
corresponds t o  a slats-closed  configuration,  herefaafter known as  the 
"basic wing,*' fs shown in f igure  l (a) .  The magnesium fuselage was a 
curved body of  revolution having a fineness ra t io  of 12 that had been 
reduced in length by cutting  off the rear  portion t o  give a fineness 
ra t io  of 10. A complete description of the basic model and tunnel  sting 
support system is given i n  reference 5. 

For the  present  investigation, 14 percent of the chord a t   t he  
leading edge of the Xing from the ~5-pe rcen t - s~span   s t a t ion  outward 
was altered f o r  installation of  leading-edge slats. Details of  the 
s l a t  arrangements tested  are  presented in figure l(b). The lbpercent- 
chord tapered slats were moved forward 9 percent of the chord along the 
chord l ine  extended for the  zero-slat-deflection  configurations. The 
slat trailing-edge gap of 1.1 percent of the wing chord was held  constant 
f o r   a l l  slats with the slat Wailing edge forming the pivot point  for the 
slat. The 0.43/2 s l a t s  were tested a t  Oo, 100, and 200 deflection. The 
0.43/2, 6, = 1oO slat arrangement and model with support System are 
shown in figure 2(a). The O.35b/2 slats were deflected C P  8nd 100 only. 
The slat6 extended from the wing t i p  hiboard, as low-aped information 
(ref. 1) indicated that this arrangement would probably  provide  the 
greatest hqrovement in the etability characteristics. The spanwise 
lengths of the slats, 35 and 45 percent of the Bemispan, were selected 
t o  conform with a m i n g - e a g e  extension  investigation (ref. 6 ) .  

The 0.3>/2 slats were supported by 6 brackete, and the 0.43/2 slats 
by 7 brackets  attached in  a streamwise orientation to the wing. Wooden 
s t r ips  cemented t o  the f la t  under6~rf8Ce of the  brmkets provided a 
emother  f8iring f o r  the a i r  flaw through the s l a t  channels. A photo- 
graph of the  underside of the  0.43/2, &, = 100 slats is shown i n  f ig -  
ure *2(b). 

L 
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An internal  strain-gage  balance w a s  used t o  measure  the  forces and 
c naaments on the nmdel. The discussion of the  accuracy of the  balance and 

other instrumientation given in reference 5 applies  to  the data of this 

of the  Fnvestigation by utilizing the existing  orifices  that  remained on 
the  left w i n g  after the wing was altered for the installation of the 
slats. The chordwise and swwlse distribution  of  orifices,  which  is 
identical  to  that reported in reference 7 from the 15-percent-chord sta -  

-, paper.  Wing-pressure-distribution  measurements  were  obtained for part 

tion  re&13ArdJ  56 Sham On figure 3. 

Tests 

The R e y n o l b  n&er field of the present  investigation is defined 
in figure 4. The  tests  xere  conducted over a Mach nuniber range f r o m  
0.40 to O.% for .the 0.356/2 and 0.4'jb/2 slats deflected 10'. The 
O.35b/2, 6 ,  = 00 configuration was tested  at Mach numbers f r o m  0.40 
to 1.03 and the 0-4%/2, E6 = range  includes  speeds f r o m  a Mach num- 
ber  of 0.60 up to 1.03. The 0.43/2 slats with 200 deflection  were 
tested over a llmited angle-of-attack  range  at Mach numbers f r o m  0.60 
to 1.00. Two ranges of angle of attack  were  obtained through the  use of 
knuckle  arrangements  inserted in the sting  between  the  model and support 
strut. The 100 knuckle insuntion shown in figure  2(a)  allowed  the 
model  to  be  varied through an angle range f r o m  about 9 to 250. A 00 
knuckle  resulting in a straight  sting  permitted  testing from about -5' 
to l5O. For  most  slat  configurations,  both  knuckles  were used to obtain 
data through an --of-attack range up to the  limit  of  the  support- 
system  strength. Balance farce and r@muent data were  obtaFned  for a l l  
runs. S i r m r l t a n e ~ ~ ~  force  and  pressure  measurements  were  obtained  where 
pressure  distributions #ere desired. 

Corrections t o  the Data 

The angle-of-attack data have been corrected fo r  model deflections 
caused  by  aeroaynsmic  forces and moments but  have  not been corrected for 
stream angularity  uhich is known to be negligible.  Fuselage  base  pres- 
sures  were  found  to be the same as  for  the  model  with the basic Xing 
(presented in ref'. 5). No adjustments  for  sting  interference or model 
base  pressures have been  applied  to  the  aerodym?.Uk  force and moment 
data or  to the data of  references 5 and 6 used in the conqwrfsons in 
this paper. 

c 
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The  data of reference 8 hdtcate that  the  effect of boundary  inter- 
ference on mdels in the Langley 16-foot  transonic  tunnel is  small and, 
therefore, no adJustments  to  the  data  for  this  effect  have  been  attempted. 

R 

I 

The  results af tests of leading-edge  slat  configurations on a 
45' sweptback  wing-body  colribiaation in the  Langley  16-foot  transonic 
tunnel  are  presented in the following figures: 

Figure 

Force  and  moment  characteristics  with various 
slat configurations . . . . . . . . . . . . . . . . . . . . .  5 and 6 

L i f t  characteristics . . . . . . . . . . . . . . . . . . . . .  7 and 8 
Wing section  pressure  distributions . . . . . . . . . . . . .  9 and 10 
Drag characteristics . . . . . . . . . . . . . . . . .  11, 12, and 13 
L/D characteristics . . . . . . . . . . . . . . . . . . . . . . . .  14 
Pitching-moment  characteristics . . . . . . . . . . . .  15, 16, and 17 

The results of the  teste of the model with 0.4p/2 slats deflected 
Oo and 100 and  the O.35b/Z! slats  deflected @ and 100 are  presented in 
figure 5. The variations of angle of attack, drag coefficient and 
pitching-moment  coefficient  with  lift  coefficient  are  shown  for  each 
of the Mach  numbers.  Data  for  the  basic wfng, corresponding  to a slats- 
closed  configuration,  are  compared  with the slat  configurations on each 
of the  figures.  These  data  have  been  obtafned from reference 5 for  Mach 
numbers of 0.60 to 1.03. The data for the  basic  wing-fuselage  conibina- 
tion at  a Mach nmiber  of 0.40, however,  have  been obtained A-om refer- 
ence 9. The limited data on the 0.43/2, = 200 slats  are  presented 
i n  figure 6.  These slats were  tested on ly  at some of the higher  anglee 
of  attack  where  it was believed  that  differences in aerodynamic  character- 
istics  due to the  greater  slat  deflection  would  be  appreciable.  The 
results  at  Mach number 0.60 are  compared dth the configuration  having 
0.43/2 e l a t s  with and 10' deflection snd with  the  basic  wing-fuselage 
data. 

Lift  Characteristics 

The  comparisons of the having various slat arrangements  with 
the  basic wing configuration (fig. 5 )  show  that, i n  general, the use of 
slats  results in extending the  linear  portion of the Uft curves  and in 
increasing  the value of Uft coefficient in the  region  above  the  lift- 
curve  break. Only small shifts in the angle of attack  for  zero lift were  
indicsted  for the mlected slats. 

. 

. 
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The  lift  curyes for 0.60 Mach rider in figure 6 show that,  with 
c 

the 0.4'Jb/2 slats  extended (& = e), a d  then deflected  at 100 and 20°, 
the  break in the lift curves  occurred  at  successively higher angles of  

with a 8 s  = 200 slat was about the same as for the 6s = 100 slat at 
a Mach number of 0.60. 

- attack than that for the  basic Xing. The maximum value of lift  obtained 

The  variation of lift coefficient  with  Mach  rnrmber  for  the  four 
main slat  configurations asd the mdel with the  basic wlng is  presented 
in  figure 7. It would be  exgected from an examination of figure 5 that 
the maximum increases in lift for the  slat  configurations would occur  at 
the  highest  angles of attack and that the differences  at l o w  angles would 
be small. The data of figure 7 at 9 angle of attack show the  lifts  to 
be  about the same for all models as would be expected.  At an angle of 
attack of 100 (near the lift-curve breaks  at the higher speeds),  the 
lif'ts obtained with slats having 6' deflection and with the basic wing 
were about the sme,  -le the lift  coefficients wtth the  deflection 
slats  were somuhat larer up to a Mach mer of about 0.85. At higher 
speeds,  all  slats indicated higher lifts than the basic  model.  At  higher 
angles of attack,  the lift increase #it& slats over that for the  basic - W i n g  Wa6 @ZIleru eVa (fig. 5 1. 

The extension of the slats had little  effect an values of lift- - curve  slope  obtained up to a Mach nuaiber of 0.85 (fig. 8). Above this 
speed all wings w t t h  slats  extended  produced slightly higher  lift-curve 
slopes  than the basic wfng. 

Influence of Slats on W i n g  Pressure  Distribution 

The nature of the spanwise and chordKise loading distribution  and 
flow field  over a ~ i d l a r  45O basic  sweptback wing has been  studied by 
other  investigators  (refs. 7 and 10). These investigations  have  revealed 
that,  for  speeds up to a Mach n&er of about 0.80, the  typical  tip stall 
associated with sweptback wings at high of attack  is  primarily  due 
to the spread of the leading-- separation vortex. The progressive 
stall  in  the  outboard region6 is accmpanied by an increase in loading 
over the inboard regfone.  At  higher  speeds,  shock-induced  separation 
becomes  the prirary Came of the  reduction fn loading over the  outboard 
region of the wing. shocks  originating  st the WFng leading edge and at 
the  wing  trafling-edge baly juncture d a shock  due  to  the  wing-fuselage 
combination may conibine  to  produce large regfons of separated f l o w  near 
the wing tips. 

FYessure-di~tribut~~ measurements  obtained  concurrently with force 
data during  the  present  investigation  indtcate  the  manner in vhich the 
loads on the  basic wing have been  altered by the  presence of the slats. 
Pressure  dis-tributions  for the fnboard wing statians A and B (0.13%/2 

I 
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and 0.23/2) are  not  Fncluded in the  figures  sFnce  the  pressure  distribu- 
tion  for  the w i n g  with slats was generally found to  be  about  the  same as 
the  basic wing at  these  statione  for  Mach  nunibere  above 0.83. Some slight 
decreases in the  loadings at station B for the wings with  slats  were found 
at  Mach  nunibers  below 0.85. 

Typical  section  pressure  distributions  Over  the  portion of the w b g  
influenced  by  the  slats  are  presented in f i r e  9 f o r  the basic wing and 
for 0.49/2 slats  deflected 00, 100, and 20 . At low angles of attack 
the  slats had no appreciable  effect on the  pressure  distributions  (see 
plot6  for a = 4'). .With an increase in .angle of attack .to 8O, some 
loss in loading on the wings with slats  at stations E and F (the  central 
position af the slats)  is  apparent for Mach  numbers up to  about 0.90, 
but,  since  the  total Uft was about  the 8- for the slotted  and  basic 
wings , the  compensating  load must be  carried on the leading-edge  portion 
of the wing and on the slat  itself. The pressure  distributions  illus- 
trated  for 12' angle of  attack  (region where the  basic wlng began to 
stall  at  the  higher  speeds)  represent  conditions  where the slats  have 
produced incr-ts in lift  (see  fig. 5 ) .  For this  attitude,  and  at 
Mach  numbers  below 0.9, the  loading  over  the  inboard  region of the w i n g  
is reduced  while an increased  loading  is  carried on the  outboard  portion 
of the wing with slats.  The  outboard  sections of the basic wing show an 
indication of separated flow on the  upper  surface f r o m  the  leading  edge 
rearward. The main  improvements  for  the  slatted-wing  configurations 
occur over these  outboard wing sections  where  higher  loads  were  obtained 
over  the  forward  portion  of  the  airfoil  sections  with  slats  having 00 and 
10' deflection.  The loadings obtained  with  the  slats  deflected 200 are 
similar to those for the baeic wing and provide no reduction in separa- 
tion in the tip  region of the w i n g  at  higher  speeds. 

Chordwise  pressure  distributions  for  undeflected  slats of 45 and 
35 percent  sernispan  extent are compared with pressure  distributions  over 
the  basic wing in  figure 10. In these  plots,  the  pressure  distributions 
at  station D a r e  directly  influenced  by the slat only for  the 0.4p/2 slats, 
since  the O.33/2 slats  lie  outboard of thie station. Only relatively 
small differences k~ loading  due to the  change in spanwtse  extent  occur 
except  at a Mach m e r  of 0.9 where  the longer slats  carry a higher 
loading  over the central  portion  of  the  slats. 

The  pressure-distribution data have indicated  that  slats  deflected 
moderate mounts tend to increase  the  loading in the  tip  region of the 
wing and to concentrate t h i s  10- over the  folvard  section of the 
a i r f o i l .  The higher  tip  loadings  are  believed. to result from the inter- 
ruption of the spanwise flow toward  the wing tip  by  the  staggering  action 
of the  pressure  distribution  at  the  inboard  edge of the  elat  and by the 
vortex  originating  at  the  side of the slat sweeping  across  the  epanwise 
flow. 
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Drag  Characteristics 
c 

Minimum drag coefficients  for the configurations Hth extended 

numbers. Abave a lift  coefficient of about 0.45 configurations  with 
sl8ts had less drag than the basic  model.  The lift coefficients  at  which 
the  extended  slat  configurations  caused  decreases in drag (that  is,  the 
cross-over"  lift  coefficients)  varied from about 0.10 to 0.43 depending 
on the  configuration and speed. Thls "cross-over*' lift coefficient 
becams fmportant if self-opening slats, actuated  by  the  pressure  distri- 
bution  over tb slat, are  to  be used in maneuvering  flight st  high  speeds. 
Aerodynamic data such  as  that  presented in figure 5 can  be  used  to  indi- 
cate  the  angles of attack  at  which  the  slat should. be extended  to  obtain 
decreases in drag. 

I slats  were higher than those for the  basic model (fig. 5) at  all  Mach 

I 1  

Figure ll shows  that the drag-rise  Mach  number for low and moderate 
lift  coefficients is not  affected by extension of the  slats. The exten- 
sion of the  slats  ddes,  huwever,  have a pronounced  effect on the magni- 
tude of the drag coefficient , the magnitude of the effect  depending on 
the  Mach &er and lift coefficient. For the zero lift condition  the 

the  undeflected  slats had a somarhat  smaller  detrimental  effect.  At a 
lift  coefficient of 0.8 the  reduction in d r a g  through the use of slats 
amounted to as much as 30 percent in the  region of Mach  numbers 0.93 to 
0.95. These  large  reductions  in drag obtained with slats  at high lift 
coefficients could result  in  greater  speeds  or  better  maneuvertng  char- 
acteristics in tactical mmeuver6 provided ser ious ins-bbility  problems 
which  are  apt to occur in this  lift  coefficient and Mach  number  range 
are  avoided. The curves of figure 11 show that  the 0.43/2 s l a t a  were 
more  effective than the 0.3%/2 slats in producing a reduction in drag 
at high lif't  coefficients.  Past  research  (ref. 11) has demonstrated 
that an even  greater  reduction in drag msy be  possible  by  further 
increases Fn the  epaarise  extent of slats. 

* deflected  slats  gfve a minimum drag almost double that of the basic w i n g ;  

The  effectiveness of slats in reducing  drag at high lift  coeffi- 
cients and l ow speeds is thought  to be accomplished by a reduction in 
separation.  At  high  speeds,  it  is  believed  that a similar  action  occurs. 
Comparisons of the drag characteristics of the --body  conibination 
having  slats  with  the same KLng-body  having leading-edge chord-extensions 
(ref. 6 )  have &.own that the wing with slats had lower drags in the high 
lift  coefficient and high subsonic  Mach  nrnnber  range. If adjustments 
are  made f o r  the  difYerence in the total wing area w i t h  slats and with 
chord  extensions,  the  adjustmentB will account far only about  one-third 
of the  difference in drag between the  configurations in this range of 
operatfon. This lower drag indicates that a slotted  passage may provide 
an additional means of controlLbg separation on meptback wings at high 

15-percent-chord undeflected slats and with 15-percent-chord  leading-edge 
s subsonic  speeds.  "pic&  pressure  distributions  for  the  wing  with 
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extensions  with  zero  deflection  (which  simulate a slat  without a slot 
passage)  are  illuetrated in figure 12. The lower  pressure  coefficients, 
apparent  directly  behind  the  slats,  are  evidence of higher  local  veloc- 
ities in this region  due  to  the  slot flow. An indication of the  rela- 
tive  pressure-drag  coefficients  obtained  with  the  basic wing and the  wing 
with  slats and the  wing with chord-extensions  can  be  seen f r o m  figure 13. 
For  the  portion of  the  chord  for  which data are  available,  both  the  slats 
and chord-extensions  indicate m e r  pressure  drag than that  for  the  basic 
wing.  Since  the  pressure  diBtributions on the  lower  surface  are  about 
the same for all configurations to 15 percent  chord  (z/c = O.O2lg), the 
larger mea under the  curve  on  the  upper  surface  (thrust)  for  the  slats 
will result in less  net  section  drag  for  this  configuration.  The  pres- 
sure  distributions  over the slat and chord-extension are unknown at  this 
speed,  but  the  preceding  remarks  would  still be valid if the  load  over 
the  slats  were  assumed uniform and equal to  the  values on the wing at  the 
15-percent-chord  station.  Loads data for deflected slats (refs. 3 and 12) 
and unpublished  data  for  undeflected  slats  indicate  negative  chord-force 
(thrust)  values f o r  the  slats  themselves  at  the  higher  angles of attack 
which  indicate  that  the  above  assmuption is valid. 

Lift-Drag  Ratio  Characterirstics 

The  lift and drag characteristics of the  slat  configurations  previ- 
ously considered m y  be  expected  to  show  correlative  effects on the  lift- 
drag ratios. If extensible  slats  are to be used to improve landing and 
take-off  characteristics and as an aid in high-speed maneuvers  such as 
tight  turns,  high values of L/D at high lift coefficients  are  required. 
Figure 14 presents  the  variation  of  the  ratio of L/D far slats to the 
L/D of  the  basic  model with lift  coefficient at several  Mach  nunibers, 
which  illustrates  the  gains  that  might  be  expected through the  use of 
slats. The lift  coefficients far maximum L/D of  the  basic  model  are 
indicated by ticks in the figure. At  practically  all epeeds, the  slats 
start  to show an improvement in the  airplane  efficiency  at  lift  coeffi- 
cients of about 0.4. The  undeflected  slats  appear to have a less  detri- 
mental  effect  than  deflected  slats  at  lift  coefficients  below 0.4. The 
greatest  improvement in lift-drag  ratio  at high lift  coefficients  took 
place at Mach  number 0.9 for all slat  configurations.  The  slats which 
produced  the  greatest  improvement  in L/D at  higher  lift  coefficients 
over  the  test  speed  range  were  the 0.49/2, 6s = 100 devices.  The 
benefits of the w e  of slatted wfngs for  increasing L/D generally 
decreased  at  Mach  IIumbers  above 0 . 9 .  

Pitching-Moment  Characteristics 

An examination  of  the  pitching-moment  curves  of  figure 5 reveals 
that  the  use of  slats made the  pitching-moment  curves  more nearly linear 



c and extended  the  pitch-ug  to higher values of lift coefficients  at  the 
higher  speeds.  It was found  that  the  pitch-up in practically all cases 
was much  less  severe for the slat  configurations than with the basic wing 

characteristics  obtained  with  slats  is in agreement  with  high-speed data 
on wings with this  Q-pe of high-lift  devlce  (ref. 3 ) .  The made1 with 
O.35b/2 slats  generally had slightly  better  stability  characteristics 
than  thuse with 0.4%/2 slats in the speed range below a Mach  number  of 
0.M. These  results  are  consistent with those  for  15-percent-chord  out- 
board  leading-edge  chord-extensions  (ref, 6 )  where the effect  of span- 
wise  extent on the  stability was also relatively smU. Deflecting  the 
slats for both the 0.33/2 and 0.43/2 extent generally  resulted in a 
more  stable  --body  conibiaation in the  high-lift-coefficient  range up 
to Mach number 0 . 9 .  Ehn though. the  slats  did not eliminate the pftch-up, 
they  did  extend the point  at  which  severe  stability changes occur  to high 
values of lift coefficient. This is  illustrated in figure 15 which M i -  
cates  extensions Fn lift  coefficient  for  the  stability  breaks from 0.3 
to 0.4 at the lcrwest  speeds and of 0.1 at a Mach rrumber of 0.98 for the 
model with shts .  The solid  points indicate that nraximum lift was not 
reached or that 110 severe  stability  changes were obtained up to the 

- for this model Kithmt 8 horizontal tail. The Improvement in  stability 

.- highest  lift  coefficient of the  test. 

The pitching-moment-coefficlent Va??i8tiOn W i t h  Mach mulib- V&S 
lar for  slat configurations at 8 lift  coefficient of 0.4 (fig. 16(a)). 
A t  a lift coefficient of 0-8 (fig.  16(b)), all slat configurations  have 
a greater nose”n tendency than the  basic wing slnce  at this lift  coef- 
f icient the basic w3ng was w e l l  into the pitch-up  range. Comparisons of 
the static-stability-parEimeter curves  of figure 17 show that the addition 
of leading-edge  slate to the  basic wing had a negligible  effect at zero 
lift,  but  at a lift  coefficient of 0.4 all  extended  slats  caused a for- 
ward  shift in the aerodynamic-center  position of approximately 5 percent 
of the chord; this shift  decreased slightly at  the higher speeds.  Although 
the longitudhml stability  characteristics for these slats of two  span- 
wise  extents and with three  deflection  angles  were all somewhat similar, 
the  results  indfcate  that 8 slat  configuration of about 40 percent  semi- 
span and with a deflection of less  than loo may prcmtde mre consistent 
stability  Fmprovemnts than the slats tested. 

COmCUUDING REMARKS 

The aerodynamic  characteristics of a 450 sweptback  wing-fuselage 
combination w i t h  outboard  LeadFng-edge  slats of 45 percent semispan and 
OO, 100, and 20’ s h t  deflection, and 35-percent-semispan  slats having 
00 and le deflectian  were  iwestigated  at  Mach nu&ers of 0.4 to 1.03. 
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The  addition of these  slat  configurations  to  the  basic wing mdel - 
resulted in extending  the  onset of stall to higher  angles of attack, 
increasing  zero-lift  drag,  decreasing  the  lift-drag  ratio  at low lift 
coefficients, and increasing  the  lift-drag  ratio  at  high  lift  coefficients 
for all Mach numbers. The incorporation of the slat.  configurations on 
the wing usually resulted in increasing  the  linearity of the  pitching- 
moment  curves  and in extending  the  lift  coefficient  for  pitch-up  to 
higher values. In general,  the  45-percent-semispan  slat  configurations 
had somewhat  better  lift-drag-ratio  charactertstics  than  the  35-percent- 
semispan  slats,  while  the  35-percent-semispan  slats had slightly  better 
stability  characteristics  over  most of the  speed  range. No coneistent 
effects of moderate  slat  deflection  angle on the  model aqodyaamic char- 
acteristics  existed in the Mach  llumber  range  investigated.  Eowever, 
the  rerjults  indicate  that a more optimum slat configuration  for  the 
wing used Fn the present  investigation w o u l d  represent a compromise 
between  the two slat  extents  tested and E moderate  alat  deflection of 
less than loo. 

Langley-Aeronautical  Laboratory, 
National  Advisory  Committee  for  Aeronautics, 

Langley Field, Va . , June E, 1953. 

1. Furlong, G. Chester, and McHugh, James G.: A Swnmary and  Analysis of 
the  Low-Speed  Longitudinal  Characteristics of Swept Wings at  High 
Reynolds Nurdber. NACA RM ~52~16, 1952. 

2. Sjoberg, S. A . ,  and  Champine, R. A.:  Preliminary  Flight  Measurements 
of‘ the  Static  IhngitudFnal  Stability and Stal l ing Characteristics 
of the  Douglas D-558-11 Research Airplane (BuAero No. 3794 ) . NACA 
R?4 ~9H71a, w 9 .  

3. K e l l y ,  John A . ,  and Hay-ter, Nora-Lee F.: Aerodynamic  Characteristics 
of a Leading-we S l a t  on a 350 Swept-Back  Wing  for  Mach  Numbers 
From 0.30 to 0.88. NACA RM A5lH23, 1951. 

4. Ward,  Vernon G., Whitconib, Charles F., and  Pearson,  Merwin D.: Air- 
Flow  and  Power  Characteristics of the Langley 16-~oot Transonic 
Tunnel  With Slotted Test Section.  NACA RM L52ED1, 1952. 

5. Hallissy, Joseph M., and Boxman, Donald R.: Transonic  Characteristics 
of a 45O Sweptback  Wing-Fuselage  Combination - Effect of Longitudinal 
Wing Position and Division of Wing and Fuselage  Forces and Moments. 
NACA RM L’j2K&, 1953. 

* 



NACA RM L53E23 13 

Y 6. West, F. E., Jr., Liner, George, and Martz, G l a d y s  S.: Effect of 
Leading-- Chord-Ektemions on the Aerodynamic  Characteristics 
of a 45O Sweptback  Wiug-Fuse-  Combination  at  Mach Nurbers of 
0.40 to 1.03. KACA RM L53E02, 1953. - 

7. Solomon, William,  and  Sc-er, James W.: Effect of Longitudinal W i n g  
Position on the  Pressure  Characteristics  at  'Bansonic  Speeds of a 
45' Sweptback  Wing-FuseZage  Model. NACA RM LgUCOF, 1953. 

8. Whitcomb, Charles F., and  Osborne,  Robert S.: An Experimental Investi- 
gation of Boundmy Interference an Force and Moment  Characteristics 
of Lifting Models In the Uey a- and 8-Foot  Transonic  Tunnels. 
NACA FM L-9, 192. 

9. Sutton, Fred B., and Martin, Andrew: Aeroaynamic Characteristics 
Including  Pressure  Distributions of a Fuselage  and  Three C o n b i n a -  
tions of the  Fuselage With Sweptback  Wings at High Subsonic  Speeds. 
NACA RM A50J26aJ 1951. 

10. Whitcomb,  Richard T., and Kklly, Thorns C . :  A Study of' the Flow  Over 
c 

a 45O Sweptback Wing-FuseLage Combination  at Transonic Mach N d e r s .  
NACA RM L w l ,  1952. 

U. G r a h a m ,  Robert R., and C o m r ,  D. Willism: Investigation of High- 
Lift and Stall-Control Devices 011 an KACA &-Series 42O Sueptback 
Wing With and Without  Fuselage. mACA RM L7GO9, 1%". 

E. C a h i l l ,  Jones F., and mer, Robert J.: Aerodyaamfc Load Measure- 
ments Over a Leading-- Slat on a 400 Sweptback  Wing  at  Mach 
Numbers From 0.10 to 0.91. N X A  IIM LpG18a,  1952. 



36 -L 

Quarter-chord line 

Pitching-moment axis “I 1-13.4 

(a) Model with basic wing. 

Figure 1.- Model plan form and slat details. All dinensions in inches. 
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(b) Sla t  detafls. 

Figure 1.- Concluded. 
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L-73545 
( 8 )  Three-querrter f ront  view. 

L-73544 
(b) Underside showing slat support members. 

Figure 2.- Wing-fuselage combination with 0.43/2, 6, = loo slats 
mounted on model support system. 
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Mach number, M 
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Lift coefficient, CL 

Figure 5.- Aerodynamic characteristics obtained f r o m  tests of wing-fuselage 
combination vlth vssious slat  configurations. 
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Figure 5 .- Continued. 
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( c )  M = 0.60. 0.3m/2 slats, 6s = 0' and 10'. 

Figure 5 .- Continued. 
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(a) M = 0.80. 0.45b/2 slats, 6, = Oo and loo. 

Figure 3. -  Continued. - 
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(e) M = 0.80. 0.35b/2 slats, 88 = 0' and loo. 

Figure 5 .  - Continued. 
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(f) M = 0.85. 0.45b/2 d a t e ,  Ss = Oo and 10'. 

Figure 5 .- Continued. 
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" Basic model 

Lift coefficient, CL -KjGz&7 " 

(g) M = 0.85. O.35b/2 slats, 6, = 0' and 10'. 

Figure 5.- Continued. 
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( 2 )  M = 0.98. 0.45b/2 slats, = Oo; 0.35b/2 slats, 88 = oo. 

Figure 5.- Continued. 
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(a) M = 1.00. 0.43/2 elats, 8, = Oo; 0.35b/2 slats, 6, = Oo. 

Figure 5.- Continued. 
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(n) M = 1.03. 0.45b/2 slats, 6, = Oo; 0.35b/2 slats, 6, = Oo. 

Figure 5.- Concluded. 
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Figure 6.- Aeraaynamic characteristics o f  an 0.4p/2, 8 8  2oo e lat  
configuration. 

w w 



- 2 5 7  
n * 

Mach number , M 8 
r 

Figure 7.- Variation of lift coefficient Kith Mach number far basic Xing- 3 
fieelage conibination and configurations wlth slate. w 
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Figure 8.- Variation o f  average l i f t - w e  slope with Mach number for 
d e l  with basic wing and configurations with elats. CL = 0 t o  0.4. 
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(a) M = 0.60 (Per = -1.281. 

c 

Figure 9.- Effect of slat deflection on wing chordwise preesure distributions. 
0.45b/2 slats. 
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(b) M = 0.6 (Per = -0.30). 

Figure 9.- Continued. 
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Figure 9.- Continued. 
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Figure 9.- Concluded. 
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(a) M = 0.80, 0.90, and 0.9. 

Figure 10.- Effect of slat spanwlee extent on wing chordwise pressure 
distribution. a = loo, 6 ,  = Oo except aa noted. 
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(b) M = 0.98, 1.00, and 1.03. 

Figure 10.- Concluded. 
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Fi . @ r e  U.- Variation of drag coefficient with Mach nuniber for basic 
model and COnfLguratiOIm with S-tS. 
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Figure 12.- Typical chordwise pressure dlstributlons obtained with the 
basic model and wlth 15-percent-chord and 35-parcent-semispm leading- 
edge dedces .  M a 0.9; a = 100. P,, = -0.~. 
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Figure 14.- Ratios of L/D obtained on mdel with slats to L/D of 
basic wtng-fuselage cwibinatian. Ticks  indicate CL far (L/D)- 
of basic model. 
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Figure 15.- L i f t  coefficients at which abrupt stability changes occur 

for basic wing configuration and configurations with alate .  Solid 
symbol. denotes highest lift coefficient  obtained in t e s t .  
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Figure 16.- Variation in pitching-moment coefficient wlth Mach nuuiber 
for model and wing with slat combhatiom and basic wing-fuselege 
mcdel. 
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(a) CL = 0.8. 

Figure 16 .- Concluded. 
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Mach number, M 

(a) = 0. 

Figure 17.- Variation of s t a t i c  longitudinal-stability paranreter dCm/ak 
vlth Mach number for d e l  and w3ng vlth slat configurations and for 
the b a s i c  w h g - m e l a g e  model. 
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